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Description 

BAgKQRQUND OF THg INVENTION 

1 . Field C3f the Invention s 

This invention relates to a non-contact integrated 
circuit (hereinafter '*IC1 card for transferring information 
through an induction electromagnetic field serving as a 
transmission medium. More particularly. It relates to a 10 
non-contact IC card having the structure wherein an IC 
chip and an antenna coil formed by etching are inter- 
connected without use of junper wires. 

2. Description of the Related Art is 

In recent years, in the fields of traffic, finance, distri- 
bution and so forth, data can'ler systems making use of 
bar codes, magnetic cards, IC cards, optical cards and 
80 forth have come into wide use. In particular, what has 20 
attracted notice as a data carrier system which trans- 
mits and receives signals at a relatively short distance 
and in a non-contact state is a system in which electro- 
magnetic waves emitted from an interrogator (a 
reader/Writer) cause a change of the magnetic field in 25 
the vicinity of an antenna coil provided in a transponder 
(a non-contact IC card), to produce an induced voltage 
in the antenna coil and the voltage thus produced is uti- 
lized as a power source. 

Such a non-contact IC card has a basic circuit con- 30 
struction in which, as shown in Rg. 7, a rectifier diode 
Di. a smoothing capacitor 8 and an IC chip 6 are con- 
nected to a resonance circuit comprised of an antenna 
coil 2 and a tuning capacitor 7. The antenna coil 2 is 
used as a component part separated from the IC chip, 35 
while the tuning capacitor 7, the rectifier diode Di and 
the smoothing capacitor 8 may be provided within the 
area of the ICchip 6. 

The non-contact IC card having the circuit construc- 
tion as shown in Fig. 7 has a specific structure wherein 40 
at least the IC chip and the antenna coil are provided on 
a substrate, and a core material comprising urethane 
resin is provided on the side of the substrate where the 
IC chip has been provided, the substrate provided with 
these being further held between insulating films of pol- 45 
yethylene terephthalate or the lito so as to be covered 
on its both sides. 

As antenna coils conventionally used in such non- 
contact IC cards, those conprising a metallic thin wire is 
coiled into a ring on the same plane to form a sheet-like so 
coil are chiefly used. In such a case, ends of the 
antenna coll on its inner peripheral side and outer 
peripheral side are each led out and connected to an IC 
chip connecting pad. 

However, such a sheet-like antenna coil prepared ss 
using a wire has a lower limit In its wire diameter from 
the viewpoint of performances or strength, and has had 
the problem that, when it has a great number of turns, 
the coil may flatten after a coiled wire has been made 
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up. making it impossible to provide sufficiently thin IC 
cards. It also requires assembly steps In a large number 
to a certain extent, and has had tiie problem that there 
is a limit in the improvement of yield to cause a restric- 
tion in reducing production cost. It still also has had a 
problem In respect of reliability. 

Accordingly, in order to make non-contact IC cards 
smaller in thickness and to decrease production cost, it 
is attempted to produce the antenna coil not using 
metallic wires but by etching copper foil laminated on an 
insulating substrate. In this case, the IC chip and tiie 
antenna coil are interconnected in the manner as shown 
in Fig. 8. 

More specifically, as shown in Fig. 8, an inner 
peripheral side terminal 2a and an outer peripheral side 
terminal 2b of an antenna coil 2. formed on an insulating 
substrate by etching, are connected to connecting pads 
6c and 6d of tiie IC chip 6 fixedly provided inside the 
antenna coil 2 on the Insulating substrate 1, which are 
respectively interconnected through jumper wires 4a 
and 4b. 

When, however, the IC chip and the antenna coil 
are interconnected through tiie jumper wires, the 
jumper wires must be wired by complicated operation, 
causing the problem of an increase in production cost. 
Also, tiie antenna coll connecting terminals are rela- 
tively distant from the IC chip connecting pads and the 
jumper wires must not come into contact with an 
antenna coil inside an outer peripheral side terminal 2b. 
and hence the jumper wires rise from the substrate, 
bringing about the problem of an Increase In the thick- 
ness of non-contact IC cards. Still also, bending stress 
is directly applied to tiie jumper wires, and there has 
been the problem that the joints may partly separate or 
cause disconnection. 

SUMMAFy/ OF THE INVENTION 

The present invention will solve the problems 
involved in the prior art as discussed above. An object 
thereof is to enable connection between the IC chip and 
the etched antenna coil (the antenna coil formed by 
etching) of a non-contact IC card, without making tiie 
tiiickness of tiie non-contact IC card too large, and yet 
at a high reliability and a low production cost. 

The present Inventors have discovered tiiat the 
above object can be achieved when tiie IC chip and 
etched antenna coll of a non-contact IC card are inter- 
connected in a face-down fashion via an anisotropic 
conductive adhesive layer, or interconnected by wire 
bonding. They have tiius accomplished the present 
invention. 

More specifically, the present Invention provides a 
non-contact IC card tiiat transfers information through 
an induction electromagnetic field sen^ng as a trans- 
mission medium: 

the non-contact IC card comprising a substrate 
and provided thereon at least an IC chip and an antenna 
coil formed by etching; wherein a connecting terminal of 
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the antenna coil and a connecting bump of the IC chip 
are interconnected in a face-down fashion via an aniso- 
tropic conductive adhesive layer. 

The present Invention also provides a non-contact 
IC card that transfers information through an Induction 
electromagnetic field serving as a transmission 
medium; 

the non-contact IC card comprising a sut>strate 
and provided thereon at least an IC chip and an antenna 
coil fbrmed by etching; wherein a connecting terminal of 
the antenna coil and a connecting bump of the IC chip 
are interconnected by wire bonding. 

The present Invention still also provides a process 
for producing a non-contact IC card, comprising the 
steps of; 

forming a resist layer having at least an antenna coil 
pattern, on a conductive layer provided on an Insu- 
lating substrate; 

etching the conductive layer, using tiie resist layer 
as a mask, to form at least an antenna colt and a 
connecting terminal ttiereof ; 
forming an anisotropic conductive adhesive layer 
on the connecting terminal of tiie antenna coil; and 
interconnecting the connecting terminal of the 
antenna coil and a connecting bump of an IC chip in 
a face-down fashion via the anisotropic conductive 
adhesive layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and 1 B are a plan view and a partial cross 
section, respectively, of a basic embodiment of tiie cir- 
cuit substrate used In the non-contact IC card of the 
present Invention. 

Figs. 2A and 2B are a plan view and a partial cross 
section, respectively, of another embodiment of tiie cir- 
cuit substrate used In the non-contact IC card of the 
present invention. 

Fig. 3 is a partially enlarged view of still anotiier 
embodiment of tiie circuit substrate used in the non- 
contact IC card of the present Invention, the view being 
enlarged at the part in the vidnity of the IC chip. 

Figs. 4A and 4B are a plan view and a back view, 
respectively, of still another embodiment of the circuit 
substrate used In the non-contact IC card of the present 
invention. 

FIga 5A and 5B are a plan view and a partial cross 
section, respectively, of still anotiier embodiment of tiie 
circuit substrate used in tiie non-contact IC card of the 
present invention. 

Figs. 6A to 6E illustrate a process for producing tiie 
non-contact IC card of the present invention. 

Fig. 7 illusfates a basic circuit consta'uction of the 
non-contact IC card. 

Fig. 8 illustrates how the IC chip and the antenna 
coil are interconnected in the conventional non-contact 
IC card. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

In tiie non-contact IC card of the present invention, 

5 tiie connecting terminal of an antenna coil and tiie con- 
necting bump of an IC chip are interconnected in a face- 
down fashion via an anisotropic conductive adhesive 
layer, or Interconnected by wire bonding. Hence, ttie 
both can be interconnected without use of jumper wires. 

10 Moreover, when the anisotropic conductive adhesive is 
used, a high connection reliability can be achieved and 
also the connection can be operated witti ease, also 
promising a low material cost. Thus, it Is possible to 
interconnect the antenna coil and the IC chip without 

15 making the tiiickness of tiie IC card too large, and yet at 
a high connection reliability and a low production cost. 

The present Invention will be described in greater 
detail with reference to the accompanying drawings. 
Fig. 1 A is a plan view of a basic embodiment of tiie 

20 circuit substrate used in the non-contact IC card of tiie 
present invention, and Fig. 1 B is a partial cross section 
of the circuit substi-ate at its part in ttie vicinity of ttie IC 
chip. This circuit substrate Is comprised of an insulating 
substrate 1, an antenna coil 2 fbrmed on tiie substrate 

25 by etching, and an IC chip 6 connected to them. An ani- 
sotropic conductive adhesive layer 5 is formed between 
ttie antenna coil 2 and the IC chip 6. It is impossible to 
use an isotropic conductive adhesive layer In place of 
ttie anisotropic conductive layer 5, because of shorting 

30 between adjacent antenna coil patterns. Via this aniso- 
tropic conductive adhesive layer 5. an inner peripheral 
side terminal 2a and an outer peripheral side terminal 
2b are respectively connected to connecting bumps 6a 
and 6b of the IC chip. Fig. 2A is a plan view of another 

35 embodiment of the circuit substi^te used in tiie non- 
contact IC card of tiie present invention, and Fig. 2B is 
a partial cross section ttiereof. In this embodiment of tiie 
circuit substi'ate, tiie outer peripheral side terminal 2b of 
ttie antenna coil formed on the insulating substrate 1 by 

40 etching is extended to turn on the side of the inner 
peripheral side terminal 2a of tiie insulating substrate 
ttirough means of via holes Vhl and Vh2 and a back 
conductive layer 2c. 

The sbucture as shown in Figs. 1 A and 1 B or Figs. 

45 2A and 2B makes it possible to interconnect the 
antenna coil 2 and the IC chip 6 in a face-down fashion 
without use of jumper wires. Hence, tiie IC chip can be 
produced wHhout making tiie ttiickness of the IC card 
too large, and at a high connection reliability and a low 

so production cost. Especially when, as shown in Figs. 1 A 
and 1B, the IC chip 6 is provided in tiie manner tiiat it 
stands across the antenna coil in its wkitti direction, ttie 
IC chip can be produced using a single-sided copper- 
dad substrate having a low material cost. 

55 Incidentally, the number of turn of coils, opening 
area S (Fig. 1 A) and coil width T (Fig. 1 A) of the antenna 
coil 2 depends on tiie carrier wave ta-ansmitting-receiv- 
ing characteristics of ttie non-oontact IC card. Hence, in 
some cases, ttie distance between ttie inner peripheral 
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side terminal 2a and the outer peripheral side terminal 
2b is greater than the distance between the connecting 
bumps 6a and 6b of the IC chip 6. In such a case, as 
shown In Fig. 3, part of the antenna coll 2 may prefera- 
bly be nan'owed In Its width direction so that the dis- 
tance 2t between the Inner peripheral side terminal 2a 
and outer peripheral side terminal 2b of the antenna coil 
2 may be substantially the same as the distance 6t 
between the connecting bumps 6a and 6b of the IC chip 
6. 

Examples shown in Figs. 1A, 1B. 2A, 2B and 3 are 
those comprising a tuning capacitor which constitutes a 
resonance circuit, and a voltage smoothing capacitor, 
which are provided within the area of the IC chip Itself, 
are used as the IC chip. When the tuning capacitor 7 
and the voltage smoothing capacitor 8 must be provided 
on the Insulating substrate 1 separately from the IC chip 
6, It Is preferable to use those in which, as shown in Rg. 
4A (a plan view) and Rg. 4B (a back view), these capac- 
itors 7 and 8 are formed by etching as In the same case 
with the antenna coil. Such a structure can be formed by 
etching a double-sided copper-clad substrate so that 
the capacitors are fbmied. 

In the embodiment as shown in Figs. 4A and 48, 
the antenna coil 2 and the IC chip 6 may be connected 
to each other using through-holes Th1 and Th2, and 
also via the anisotropic conductive adhesive layer 5 (not 
shown). 

In the examples shown in Rgs. 1A. 1B, 2A. 2B, 3, 
4A and 4B, the antenna coil 2 and the IC chip 6 are 
interconnected via the anisotropic conductive adhesive 
layer 5. As an alternative structure, as shown in Figs. 5A 
and 5B. they may be interconnected through a bonding 
wire 9 by means of a wire bonding oonnector oommonly 
used in the fabrication of semiconductor devices. 
Employment of such structure makes it unnecessary to 
use the jumper wires. In such a case, like the case as 
shown in Figs. 1 A and 1 B, the IC chip 6 may preferably 
be provided in the manner that it stands across the 
antenna coil. Also, like the case as shown In Fig. 3, part 
of the antenna coil 2 may preferably be narrowed In Its 
width direction so that the distance between the inner 
peripheral side terminal and outer peripheral skie termi- 
nal of the antenna coil may be substantially the same as 
the distance between the two, connecting bumps of the 
IC chip. As the IC chip, those comprising the tuning 
capacitor which constitutes an resonance circuit, and 
the voltage smoothing capacitor, which are provided 
within the area of the IC chip itself, may also be used as 
the IC chip. When the tuning capacitor and the voltage 
smoothing capacitor must be provided on the insulating 
substrate 1 separately from the IC chip, it is preferable 
to use those In which, like the one as shown in Figs. 4A 
and 4B. these capacitors are formed by etching as in 
the case of the antenna ooil. 

The non-contact IC card of the present invention 
can be made to have the structure wherein a core mate- 
rial comprising an urethane resin is provkled on the sur- 
face of the substrate as desalbed above on which the 



IC chip has been provided, and the substrate provided 
with these is further held between insulating films of pol- 
yethylene terephthalate or the like so as to be covered 
on its both skJes. 

5 The non-contact IC card of the present invention as 
shown in Figs. 1A and 1B can be produced in the man- 
ner as shown in Figs. 6A to 6E. 

Rrst, an insulating substrate 1 is prepared which is 
formed of polyester film, polyimide film or the like and on 

10 one side of which a conductive layer 20 formed of cop- 
per foil or the like has been stucK and a resist layer R 
having at least an antenna coil pattern is formed on the 
conductive layer 20 (Rg. 6A). Such a resist layer R me^ 
preferably be formed using a known dry film resist. 

15 which enables easy formation of pinhole-free layers. 

Next, using the resist layer R as a mask, the con- 
ductive layer 20 is etched with an etchant such as an 
aqueous ferrto chloride solution. By this etching, the 
antenna coil 2 having at least the inner peripheral side 

20 terminal 2a and the outer peripheral side terminal 2b is 
formed on the insulating substrate 1 (Fig. 6B). 

Next, on the terminals 2a and 2b of the antenna coil 
2, an anisotropic conductive adhesive layer 5 of about 
10 to 50 ^ thick is formed by a conventional method 

25 while taking the bump height of the IC chip into account 
(Fig. 6C). In this instance, any known adhesive may be 
used as an anisotropic conductive adhesive, as exem- 
plified by a thermoset plastic resin such as an epoxy 
resin, a phenol resin, a polyester resin and a 

30 (meth)acrylic resin. Taking account of adhesion of the 
antenna coil onto the fine pattern, it is preferable to use 
an adhesive having a viscosity (25''C) of from 4.000 to 
20,000 CPs. and preferably form 6.000 to 9.000 cPs. 
The anisotropic conductive adhesive contains con- 

35 ductive particles whk:h may preferably have particle 
diameters of usually from 2 to 8 ^m, variable depending 
on the antenna coil pattern width and so forth. As the 
conductive particles, known material may be used, as 
exenrplif led by a metallic powder such as a Ni. Cu. Au or 

40 solder powder; a resin powder coated with a metallic 
layer such as a (meth)acrylic curing resin, epoxy curing 
resin or benzoguanamine curing resin powder coated 
with a Ni. sokier, Au or Cu thin layer. The conductive 
particles may be contained in the anisotropic conductive 

45 adhesive usually in an amount of from 2 to 8% by 
weight. 

In the embodiment as shown in Figs. 6A to 6E. the 
anisotropic conductive adhesive layer 5 is formed on the 
antenna coil 2. Alternatively, it may be formed on the 

so side of the connecting bumps 6a and 6b of the IC chip 6. 
Next, the connecting bumps 6a and 6b of the IC 
chip 6 are posltionally adjusted to and then bonded to 
the terminals 2a and 2b of the antenna coil 2. optionally 
followed by heating or exposure to ultraviolet rays, to 

55 connect the former to the latter via the anisotropic con- 
ductive adhesive layer 5 (Fig. 6D). Thereafter, a core 
material 9 comprising urethane resin is provided on the 
side on which the IC chip 6 has been provided, and the 
substrate provided with these is further heM between 
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well scratch-resistant resin films 10 of polyethylene 
terephthalate or the like so as to be covered on its both 
sides. Thus, the non-contact IC card of the present 
invention can be obtained (Fig. 6E). 

The non-contact IC card of the present invention s 
according to the embodiment as shown in Figs. 2A, 2B, 
3, 4A and 4B can also be produced by the production 
process Illustrated in Figs. 6A to 6E and by known meth- 
ods. 

For example, the non-contact IC card according to io 
the embodiment of Fig. 3 can be produced specifically 
in the following way. 

First, an antenna coil 2 (22 turns) having a width T 
of 1 1 mm is formed on the copper foil of a single-sided 
copper clad substrate formed of 1 8 ^m thick copper foil is 
and 50 ^m thick polyimide film. Here, the width of the 
antenna coil is partly decreased so as to provide a dis- 
tance 2t of 4.5 mm between the Inner peripheral side 
terminal 2a and the outer peripheral side terminal 2b. 

Next, the anisotropic conductive adhesive is coated 20 
on the inner peripheral side terminal 2a and the outer 
peripheral side terminal 2b. 

Next, using an IC chip 6 having connecting bumps 
6a and 6b of 150 iim in bump diameter (distance 6t 
between bumps: 4.5 mm), the connecting bumps 6a 25 
and 6b are positionally adjusted so as to correspond to 
the terminals 2a and 2b of the antenna coil 2. and then 
bonded thereto by means of a contact bonding device to 
interconnect the both at a pressure of 1 1 kg/rnm^ and at 
a temperature of 1 70''C. 30 

Next, a core material urethane resin is fed to the 
surface on the side of the IC chip 6. and the substrate 
provided wKh these is held between 18 ^m thick polyes- 
ter films so as to be covered on its both sides, followed 
by compression pressing at 70''C and 3 kg/mm^. and 35 
then cutting into the desired external shape. Thus, a 
non-contact IC card of 0.76 mm thick can be obtained. 

As described above, according to the present 
invention, the IC chip and etched antenna coil of a non- 
contact IC card can be interconnected without making 40 
the thickness of the non-contact IC card too large, and 
yet at a high reliability and a low production cost. 

In a non-contact IC card comprising a substrate and 
provided thereon at least an IC chip and an antenna coil 
formed by etching, a connecting terminal of the antenna 45 
coil and a connecting bump of the IC chip are intercon- 
nected in a face-down fashion via an anisotropic con- 
ductive adhesive layer, or interconnected by wire 
bonding. 

so 

aaims 

1. A non-contact IC card that transfers information 
through an induction electromagnetic field serving 
as a transmission medium; ss 

said non-contact IC card comprising a sub- 
strate and provided thereon at least an IC chip and 
an antenna coil formed by etching; wherein a con- 
necting terminal of sak^ antenna coil and a connect- 



ing bump of said IC chip are interconnected in a 
face-down fashion via an anisotropic conductive 
adhesive layer. 

2. The non-contact IC card according to claim 1, 
wherein said IC chip is provided in the manner it 
stands across the antenna coil. 

3. The non-contact IC card according to claim 2. 
wherein at least part of said antenna coil is 
decreased in width so that the distance between 
the connecting terminal on the inner peripheral side 
and the connecting terminal on the outer peripheral 
side of said antenna coil is substantially the same 
as the distance between the connecting bumps of 
said IC chip which are connected with the termi- 
nals. 

4. The non-contact IC card according to any one of 
claims 1 to 3. wherein a tuning capacitor which con- 
stitutes an resonance circuit, and a voltage smooth- 
ing capacitor are provided within the area of the IC 
chip. 

5. The non-contact IC card according to any one of 
claims 1 to 3. wherein a tuning capacitor which con- 
stitutes an resonance circuit, and/or a voltage 
smoothing capacitor is/are provkled on the sub- 
strate separately from said IC chip, and these 
capacitors are formed by etching. 

6. A non-contact IC card that transfers information 
through an induction electromagnetic fieki sending 
as a transmission medium; 

said non-contact IC card comprising a sub- 
strate and provided thereon at least an IC chip and 
an antenna coil formed by etching: wherein a con- 
necting terminal of said antenna coil and a connect- 
ing bump of said IC chip are directly Interconnected 
by wire bonding. 

7. The non-contact IC card according to claim 6, 
wherein said IC chip is provided in the manner it 
stands across the antenna coil. 

8. The non-contact IC card according to claim 7. 
wherein at least part of said antenna coil is 
decreased in width so that the distance between 
the connecting terminal on the inner peripheral skJe 
and the connecting terminal on the outer peripheral 
side of said antenna coil is substantially the same 
as the distance between the connecting bumps of 
said IC chip which are connected with the termi- 
nals. 

9. The non-contact IC card according to any one of 
claims 6 to 8. wherein a tuning capacitor which con- 
stitutes an resonance circuit, and a voltage smooth- 
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ing capacitor are provided within tiie area of the IC 

chip. 

10. The non-contact IC card according to any one of 
claims 6 to 8, wherein a tuning capacitor which con- s 
stitutes an resonance circuit, and/or a voltage 
snx>othing capacitor is/are provided on the sub- 
strate separately from said IC chip, and these 
capacitors are formed by etching. 

10 

11. A process for producing a non-contact IC card, 
comprising the steps of; 

fbrnfung a resist layer having at least an 

antenna coil pattern, on a conductive layer pro- is 

vided on an insulating substrate; 

etching the conductive layer, using the resist 

layer as a masK to form at least an antenna coil 

and a connecting terminal thereof; 

forming an anisotropic conductive adhesive 20 

layer on the connecting terminal of the antenna 

coil; and 

interconnecting the connecting terminal of the 
antenna coil and a connecting bump of an IC 
chip in a fece-down feshlon via the anisotropic 2s 
conductive adhesive layer. 
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